Natural disasters have an impact on poverty through many different channels-economic growth, health, schooling, behaviors-that are difficult to quantify. It is nonetheless possible to assess the short-term impacts of income losses. A counterfactual scenario is built of what people's income would be in developing countries in the absence of natural disasters. This scenario uses surveys of 1.4 million households in 89 countries. Depending on where they live and work, what they consume, and the nature of their vulnerability, the additional income that each household in the survey could earn every year on average in the absence of natural disasters is calculated. The analysis concludes that if all disasters could be prevented next year, 26 million fewer people would be in extreme poverty-that is, living on less than $1.90 a day. A systematic analysis of the uncertainty suggests that this impact could lie between 7 million if all the most optimistic assumptions are combined, and 77 million if we retain only the most pessimistic assumptions.
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Introduction
Natural disasters have an impact on poverty through many different channels (economic growth, health, schooling, behaviors) that are difficult to quantify. It is nonetheless possible to assess a fraction of the full effect. Here, we quantify the short-term impacts that natural disasters have on poverty through people's income when they are hit.
To do so, in this study we built a counterfactual scenario of what people's income would be today in the developing world in the absence of natural disasters. This scenario is based on the same methodology as in Rozenberg and Hallegatte (2015) and the Shock Waves report (Hallegatte et al. 2016) .
It uses household surveys of 1.4 million households, which are representative of 1.2 billion households and 4.4 billion people in 89 developing countries.
1 The household surveys were formatted for the GIDD model, using the I2D2 database (Osorio-Rodarte, Cruz, and Bussolo 2015). Here we used an updated version of the database, harmonized in 2012, and using 2011PPP USD for household income. Therefore, we use 1.90 USD 2011PPP per day as a threshold for extreme poverty in this study.
Depending on where they live and work, what they consume, and the nature of their vulnerability, we calculated the additional income that each household in the survey could earn every year on average in the absence of natural disasters. We then assess the average number that are living today with less than $1.90 per day only because they have been affected by a disaster.
Estimating income for farmers and nonfarmers
The model first attributes one of the following mutually exclusive categories to each person in the household surveys database: (1) agriculture worker; (2) manufacturing worker; (3) services worker; (4) adult not in the labor force; (5) elderly (above 65 years old); (6) child (under 15 years old).
These categories are of course adaptable depending on the information available in the survey and the objective of the study. Here the main objective is to differentiate farmers from the rest of the workers because some disasters will affect their income differently.
The database only gives an aggregated estimate of income at the household level, and does not provide individual income data. Since droughts affect differently the income of farmers and of consumers, we estimate the income of each category of people in the database. We calculate the number of people in household j who belong to each category ( ) and we estimate current households' revenue using these categorical predictors (with weighted linear least squares). Note that we exclude children ( 0) as they should not contribute to the family income, and that there is no intercept in the formula:
where is an error term that depends on the household.
For most countries, the are all positive as expected and -since there is no intercept -they can be interpreted as the average per capita income brought to the household by each category of people. In some countries 0 or 0 in the regression, suggesting that people unable to work (category 7) or the elderly (category 8) may reduce the income of other household members, possibly due to caretaking obligations. In these cases, however, we force 0 or 0 and we re-estimate the other .
The per-capita revenue in each household j can therefore be expressed as:
The impact of natural disasters
We model the impact of the following six natural disasters on people's income: cyclones, storm surges, tsunamis, floods, droughts, earthquakes. The share of people affected by each event is calculated based on data from GAR (for earthquakes, tsunamis, cyclones and storm surges) and GLOFRIS (for floods and drought). The impact on people's income is the same as for the resilience indicator, for each country. We represent the vulnerability bias between poor and non-poor households but no exposure bias.
For each natural disaster, we model each event, in each country, independently. For floods we have data for events with return periods between 5 and 1,000 years. For droughts, we have events with return periods of 5, 25, 50 and 100 years. For cyclones, storm surges, earthquakes, and tsunamis, we model events with return periods between 2 and 1,500 years. The assumption that each event can only happen alone and once every year means that we underestimate the real impact.
All events but droughts are modeled as a shock on income for affected households, during the year of the event.
It is first necessary to select affected households. In order to avoid exposure bias, all households in the country are duplicated, i.e. affected households are "created" similar to the existing ones while the weight of existing households is reduced. The weights of affected and unaffected households are adjusted to reflect the share of people affected and to keep the total number of people in the country unchanged. This method avoids a random selection of households, which would require running the scenarios many times. The income of affected households is then changed using the vulnerabilities calculated for the resilience indicator. Those differ for the poorest 20% and the rest of the population.
The impact of droughts is modeled through two channels: a shock on the income of farmers and a shock on food prices for consumers. The vulnerability of poverty reduction to food price hikes has already been demonstrated, for instance in (Ivanic and Martin 2008; Ivanic, Martin, and Zaman 4 2012; Hertel, Burke, and Lobell 2010; Devarajan et al. 2013 ). An increase in food prices reduces households' available income, but especially consumption of the poor who spend a large share of their income on food products. The impact in our scenarios depends on the fraction of food expenditure in total expenditure, which decreases with the income level of the household (Figure 1 ).
Figure 1 Share of food in total consumption, for each World Bank region and different income categories. Source: The World Bank Global Consumption Database.
In practice, to model the impact of a drought we change the income of the farmers affected by the drought (using the same method as for other disasters, but considering farmers only) and we rescale the (real) income of some households according to the change in food prices, accounting for the share of food in the household budget (which decreases with income, see Figure 1 ). The number of people who will suffer from higher food prices when a drought affects a farmer is uncertain. For a medium scenario we assume that for each farmer affected, 50 people will suffer from higher food prices.
For each disaster type and each event, there is uncertainty on the impacts. We therefore build three different scenarios, which are described in Table 1 . Note that we are building a counterfactual scenario in which disasters never hit, starting from surveys in which households' income factors in the impacts of disasters. We therefore apply positive shocks on households, i.e. we increase the income of each household when they are affected by a disaster, to reverse current disasters' effects on people's income.
The effect of natural disasters generally lasts more than a year. To simplify, we assume that the economy goes back to normal linearly during a "reconstruction" time that depends on the return period (Table 2) . Here again we build three scenarios that account for the uncertainty around reconstruction times. For each event, therefore, we estimate the total impact (over time) by multiplying the yearly impact by N/2 (where N is the reconstruction time).
The impact of each event is represented in Figure 2 , with the number of people in poverty because of an event multiplied by the probability of this event. The results reveal a difference in order of magnitude between the impacts of, on the one hand, earthquakes, storm surges, tsunamis and cyclones, and, on the other hand, floods and droughts. Events like rare earthquakes and tsunamis can push many people into poverty when they occur (1,000-year return period earthquakes push 27 million people into extreme poverty around the globe when they occur, and 50 million if reconstruction time is taken into account), but their probability of occurrence is very low, leading to relatively small impacts on average every year. In addition to that, frequent earthquakes cause very little damage. This result is illustrated in Figure 2 where the impact of an earthquake, on average every year, is the same whether it is a highfrequency low-impact event or a low-frequency high impact event.
On the other hand, floods and droughts can have significant impacts on poverty, even with small and frequent events. The biggest impact on average for floods is due to small events that happen every five or ten years ( Figure 2 ). For droughts, the most dangerous events are the ones that happen every 25 to 100 years, which have lasting effects and can put hundreds of millions in poverty (100-year return period droughts can push 700 million people into extreme poverty around the globe, and 25-year droughts 175 million). Finally, to assess the average number of people who fall into poverty or stay in poverty because of natural disasters every year, all events are aggregated in an annual average for each type of disaster ( Figure 3, Figure 4 ).
Altogether earthquakes, storm surges, tsunamis and cyclones bring between 300,000 and 2.9 million people into extreme poverty on average per year, while floods and drought together bring between 7 and 75 million people into extreme poverty on average every year.
Discussion
Of course, these numbers should be used with caution because they largely underestimate the total impacts of climate change on poverty. First, disaster risk data are not available in all countries, and the impact is calculated only in the countries and for the disasters for which data are available.
Second, these estimates do not include macroeconomic impacts or indirect impacts, and they assume that each disaster happens independently. As such, they disregard some of the elements discussed in Hallegatte et al. (2016 Hallegatte et al. ( , 2017 .
And finally, because we rely on household surveys that report only household-level consumption, we cannot explore the intra-household distributional issues, and especially the question of whether children or women are disproportionally affected by natural disasters. Gender inequality has been widely reported see, for example, Hoddinot et al. (2006) and Rose (1999) and a disproportionate impact on children is well-identifiedsee Kousky (2016)but these important effects cannot be included in this analysis. The estimates proposed here are therefore a lower bound to the impacts of natural disasters on poverty.
